The aim of this study was to test the hypothesis that suspected periodontal pathogens form a minor component of the supragingival plaque of individuals without periodontal diseases. Twenty-one dental hygienist trainees with a mean age of 23.5 years were twice sampled for interdental plaque between 1st and 2nd molars in all quadrants. The samples were assessed for Actinobacillus actinomycetemcomitans, Bacteroidesforsythus, Campylobacter rectus, Porphyromonas gingivalis, and the Prevotella intermedia/Prevotella nigrescens group of organisms. Bacteria of this group were predominantly P. nigrescens and showed both the highest prevalence (100%) and the highest colonization density of the investigated species. Seven of 21 samples harbored A. actinomycetemcomitans. Serotypes a, b, and c were found in three samples each, while serotype e was present in one sample. Three subjects had two different A. actinomycetemcomitans serotypes. Bacteroidesforsythus and C. rectus were detected in 10 (48%) and nine (43%) subjects, respectively. The detected cell numbers accounted for approximately 0.01% to 1% of the sampled flora. In contrast, P. gingivalis was found only in a single sample, which in addition harbored B.forsythus, C. rectus, A. actinomycetemcomitans (serotypes b and e), and P. intermedia. These results suggest that the investigated periodontal bacteria are not "exogenous pathogens", but amphibiotic, opportunistic microorganisms which may have a natural habitat in the supragingival plaque of the interproximal area of molars.
Introduction
Actinobacillus actinomycetemcomitans, Bacteroides forsythus, Campylobacter rectus, Porphyromonas gingivalis and Prevotella intermedia are Gram-negative bacteria strongly associated with different forms of progressive periodontitis in adolescents and adults (Zambon, 1985; Slots et al., 1986; Dzink et al., 1988; Rodenburg et al., 1990; Moore et al., 1991) . However, oral colonization by these microorganisms is not strictly limited to periodontally diseased sites. Actinobacillus actinomycetemcomitans was found to colonize buccal mucosa, palate, tongue, as well as supraand subgingival plaque of both periodontally healthy and diseased individuals (Asikainen et al., 1991a; Zimmer et al., 1991) , while it was never detected in edentulous subjects (Kononen et al., 1991) . Bacteroidesforsythus was detected at the gingival margin and in the sulcus of periodontally healthy sites (Lai et al., 1987; Gmur et al., 1989) . Similarly, P. intermedia was described to be present at the margin of the healthy gingiva of adults and prepubertal children (Slots, 1977; Frisken et al., 1987; van Oosten et al., 1988; Zimmer et al., 1991) , although there are several reports suggesting that the predominant isolates from periodontally healthy sites belong to a genotype/serotype which, at the time, was considered to be P. intermedia (Bacteroides intermedius) (Moore et al., 1987; Dahlen et al., 1990; Gmur, 1992) , but recently has been proposed to represent a new species named Prevotella nigrescens (Shah and Gharbia, 1992) . Data on the presence of C. rectus and P. gingivalis in the oral cavities of periodontally healthy subjects are scarce. Several investigators were unable to detect P. gingivalis in adolescents (Delaney et al., 1986; van Oosten et al., 1988) or edentulous adults (Kononen et al., 1991) ; at erupting third molars of periodontally healthy individuals, the species was found in a single sample (Mombelli et al., 1990 ). On the other hand, in a study of subjects from a rural Kenyan population with very poor oral hygiene, Dahlen et al. (1992) identified A. actinomycetemcomitans, C rectus, P. gingivalis, and P. intermedia, with prevalences between 12% and 71% in gingival sulci of first lower premolars/canines with intact attachment. The latter observation indicated that prolonged accumulation of supragingival plaque and calculus provides ecological conditions favorable to the permanent establishment of suspected periodontal pathogens and thus raised the question whether supragingival plaque might function as a pioneer habitat for suspected periodontal pathogens.
The aim of this study was to investigate this question by analyzing interdental supragingival plaque of young adults with excellent oral hygiene for the five mentioned periodontal micro-organisms, using a sensitive quantitative immunofluorescence assay for detection.
Materials and methods
Twenty-one periodontally healthy, female, dental hygienist trainees, ranging in age from 19 to 36 years (mean age of 23.5 years), participated in this investigation. Four weeks apart, two identical clinical and microbiological examinations were made. During 14 and three days, respectively, prior to sampling, the test subjects refrained from any form of interdental hygiene, but had no other restrictions with regard to dental hygiene habits. The following clinical parameters were recorded: plaque index (P11, Silness and Loe, 1964 ) on three surfaces of each tooth in the upper left and lower right quadrants of the dentition, and sulcular bleeding index (SBI, Muihlemann and Son, 1971) at three positions around the teeth of the lower left and upper right quadrants. Interdental plaque was collected with a sterile string of super floss (Educational Health Products Inc., New Canaan, CT) per interdental space between the first and second molars of all four quadrants. Prior to being sampled, each site was thoroughly rinsed with water and air-dried to limit contamination by bacteria from the oral fluid. The floss was pulled back and forth three times through the interdental space, with the entire length of the floss being used. Then, the silk handles were cut off with sterile scissors, and the floss was dropped into a tube containing 10 mL of reduced transport fluid (Loesche et al., 1972) . The four pieces of floss used to sample the four spaces between first and second molars of one subject were pooled in a single tube.
Interdental plaque samples were transported cooled from the School for Dental Hygiene to the microbiology laboratory and processed for indirect immunofluorescence (IF) and culture (second examination only) within three hours after sampling. For cultivation, samples were vortexed at the maximum setting for 50 s and were then dispersed with a spiral plater (Spiral Systems, Cincinnati, OH) on Columbia blood agar (Oxoid Ltd., Basingstoke, England) plates containing 5% hemolyzed human blood with sample dilutions of 10-3, 10-4, and 10-5. The plates were incubated for 9 days at 37°C in an anaerobic chamber with an atmosphere of 85% N2, 10% H2, and 5% CO2. The predominant black-pigmented colony type was isolated, cloned, and speciated with monoclonal antibodies (MAbs) by enzyme-linked immunosorbent assay (ELISA; Gmur and Guggenheim, 1983 ) and indirect IF as described below.
For indirect IF analyses, samples were coded to facilitate a blind-assay protocol, vortexed again at the maximum setting for 50 s, and then used to coat 15-well microscopic slides (5 pL per well). The slides were air-dried and fixed in methanol (2 min). Individual wells (4 mm diameter) were stained for specific periodontal micro-organisms with a panel of MAbs. Specifically, murine MAbs 116BF1.2 and 61BG1.3 were used to enumerate B.forsythus and P. gingivalis, respectively. Both antibodies were previously described to be directed to species-specific epitopes expressed by all strains of the species (Gmuir et al., 1988; Werner-Felmayer et al., 1988; Gmuir, 1992) . Campylobacter rectus was determined with mouse MAb 212WR2, known to be omni-reactive (binding to all strains of the species) with C. rectus strains (Gmuir, 1992) . The P. intermedia/P. nigrescens group of micro-organisms was determined with rat MAbs 37BI6.1, 39B11.1.2, and 40B13.2.2 (Gmur and Guggenheim, 1983; Gmuir and Wyss, 1985) . Actinobacillus actinomycetemcomitans was assessed for serotypes a, b, c, and e with mouse MAbs 150AA1.1 (detecting serotype a; Gmuir and Guggenheim, 1990; Gmur et al., 1993) , 262AA1.1 (a; Gmuir, report in preparation), 141AA1 (b; Gmur and Guggenheim, 1990; Gmur et al., 1993) ,138AA1.l (c; Gmur and Guggenheim, 1990; Gmur et al., 1993) , 146AA1.1 (c; Gmur and Guggenheim, 1990; Gmur et al., 1993) , 246AA3.2 (e; in preparation), and 248AA4.4 (e; in preparation). The breadth of the species screened for cross-reactivity with these MAbs is shown in Table 1 , which selectively compiles the data obtained in IF and ELISA with reference strains characterized by other laboratories and, in part, received from type culture collections.
For IF with murine MAbs, a previously reported threestep assay was used (Gmuir et al., 1989) . Binding of the rat MAbs specific for P. intermedia/P. nigrescens was visualized by a four-step sandwich technique: Mouse MAb MARK-1 (Bazin et al., 1984) , which is directed against the Kappa light chain of rat immunoglobulin, was used as secondary antibody, biotinylated goat anti-mouse IgG as third reagent, and avidin-FITC as fourth reagent. Stained slides were mounted in 90% glycerol/10% Dulbecco's phosphate-buffered saline (w/w) containing 25 mg per mL 1,4-diazobicyclo-[2.2.2]-octane to reduce fading. They were evaluated as described (Gm-ur, 1988; Gmur et al., 1989) . In brief, readings were made on a Zeiss Photomicroscope III equipped for incident-light FITC illumination and for phase-contrast microscopy. A Neofluar 63 x/1.25 oil objective was used in combination with Kpl W 10 x oculars, resulting in a viewing field of 0.0415 mm2. Viewing fields to j Dent Res 73(8) 1994 be read were chosen blindly. The number of viewing fields examined depended on the density of positive cells. At high density (> 20 positive cells per viewing field), from 2 to 5 viewing fields were counted, resulting in cell counts ranging from 80 to 300. At intermediate density, up to 48 viewing fields were counted, while at low densities (< I positive cell per viewing field), the entire well was systematically assessed for labeled bacteria. As a rule, aggregates too dense to allow for the individual recognition of all labeled cells were counted as 1. Table 2 summarizes the clinical indices registered at the two examinations. At both examinations, the mean plaque index was around 1. In no case was a score exceeding 1.53 observed. The SBI scores ranged between 0.55 and 1.47, with mean values below 1 at both time-points. Of the monitored microorganisms, P. intermedia/P. nigrescens occurred with the highest prevalence (Table 3 ). They were detected in every sample investigated. Actinobacillus actinomycetemcomitans was observed at both examinations in seven samples (33%). The positive samples derived from the same seven individuals. Serotypes a, b, and c occurred, each with a prevalence of 14%, while serotype e was observed in a single sample. Table 3 further shows that three of the A. actinomycetemcomitans-positive samples (those from the subjects numbered 1, 5, and 7) contained bacteria of two different serotypes. All A. actinomycetemcomitans infections were blindly detected by two different MAbs (e.g., serotype c infections by 138AA1.l and 146AA1.1). Bacteroidesforsythus was found in samples from 10 and C. rectus from nine subjects ( Table 3) . Most of the individuals infected with one or both of these species tested positive at both examinations. Porphyromonasgingivalis was found in only a single sample (subject 1). This sample was the only one containing all five monitored species. Four other samples had all investigated micro-organisms but P. gingivalis. In the samples from nine subjects (43%), P. intermedia/P. nigrescens were the only representatives of the studied species. Table 4 describes the bacterial cell numbers found in the 21 samples from the second examination. They are listed in relation to the individual clinical indices. In all but 2 samples, organisms of the P. intermedia/P. nigrescens group were most abundant, with cell numbers ranging between 8.1 x 105 (subject 4) and 8.5 x 107 (subject 9). Total bacterial cell numbers could not be determined with accuracy because of the presence of multiple aggregates. However, microscopic counts of non-aggregated bacteria plus estimates of the approximate cell numbers in aggregates led to the conclusion that all samples did contain between 5 x 108 and 5 x 109 bacteria. Consequently, P. intermedia/P. nigrescens cells accounted, at the maximum, for approximately 3% of the sampled flora, but in most cases their proportion was below 1%. In the case of A. actinomycetemcomitans, the species with the relatively lowest colonization density, the estimated proportions ranged from approximately 0.001% to about 1% of the total flora. Bacteria from the P. intermedia/P. nigrescens group were further differentiated by assessment of their binding of MAbs 37BI6.1, 39BI1.1.2, and 40B13.2.2. As described previously (Gmur and Wyss, 1985) , three different binding patterns (37+/39+/40+; 37+/39+/40-; 37+/39-/40-) may be observed, of which the first is characteristic of P. intermedia, while the two latter patterns are expressed by P. nigrescens strains. The last column in Table 4 lists the ratios 4, 5, 7, 9, 11, 18 ,20,21 9/21 (43%) 1,3,4,7,9,11,18,20,21 C rectus 8/21 (38%) 1, 4, 7, 9, 11, 14, 18, 20 7/21 (33%) 1, 7, 9, 14, 17, 18, 20 of 37BI6.1-positive to 39B11.1.2-positive bacteria for all 21 supragingival plaque samples from the second examination. Four subjects harbored only 39BI1.1.2-negative bacteria and thus were infected by P. nigrescens but not P. intermedia. In seven other samples, the ratios ranged between 2.4 and 36.8, which indicates that the samples must have contained a majority of P. nigrescens bacteria with the phenotype 37+/39-and a minority of 37+/39+ positive cells which could belong to P. intermedia or P. nigrescens. In the 10 remaining samples, the ratio was around 1-a result which did not allow for the precise speciation of the bacteria. Unfortunately, the application of the P. intermedia-specific MAb 40B13.2.2 yields only reliable data with in vitropropagated strains (Gmur, 1992) . Therefore, aliquots from all samples from the second examination were cultivated on blood agar with the aim to isolate the predominant black-pigmented colony type. Thirteen of the 21 samples were positive for black-pigmented colonies. In comparison with the IF data, eight samples yielded apparently "falsenegative" results. Five of these samples contained, according to IF, P. intermedia/P. nigrescens cell numbers that were below or at the detection limit of the culture assay. The three other samples (from subjects 10, 17, and 20) were truly false-negative by culture for unknown reasons, since they contained high numbers of 37BI6.1-positive bacteria with the characteristic morphology of P. intermedia/P. nigrescens. From eight of the 13 culture-positive samples, the predominant black-pigmented colony morphotype could be passaged. The isolated strains were cloned and typed by both IF and ELISA with 37BI6.1, 39BI1.1.2, and 40B13.2.2. The strain from subject 1 proved to be P. intermedia (37+/39+/40+). All other isolates belonged to P. nigrescens, with one isolate (from subject 18) showing binding pattern 37+/39+/40-and six isolates (from subjects 5,8,9,11,14, and 15 ) with binding pattern 37+/39-/40-.
Results

Discussion
A steadily increasing number of reports indicates that suspected periodontal pathogens-such as A. actinomycetemcomitans5 B.forsythus, C. rectus, or P. gingivalis-can be detected in low numbers and with low frequency in the oral cavities of periodontally healthy subjects (Frisken et al., 1987; Lai et al., 1987 Lai et al., , 1992 Mombelli et al., 1990; Asikainen et al., 1991a; Sixou et al., 1991a; Zimmer et al., 1991) and may be acquired by intrafamilial transmission (Gunsolley et al., 1990; Sixou et al., 1991b; Alaluusua et al., 1993; Petit, 1993) . Although it is not known whether these observations reflect a life-long carrier state or what locations (e.g., tonsils, tongue, oral mucosa, supragingival plaque) may function as principal reservoir(s), it may be concluded that these periodontaldisease-associated micro-organisms are not exogenous pathogens (Genco et al., 1988 ) that, if acquired, will forcibly lead to periodontal destruction. The present work strongly supports this conclusion. It identifies interproximal supragingival plaque as a natural habitat of A. actinomycetemcomitans, B.forsythus, C. rectus, and P. nigrescens and suggests that, with the possible exception of P. nigrescens, these micro-organisms should be addressed as amphibiotic, opportunistic periodontal bacteria.
The group of subjects investigated in this study consisted exclusively of young prophylactically minded women with no signs of periodontal disease. All were recruited during their education as professional dental hygienist. Without doubt, the dental hygiene status of these persons was far better than that of the average population. The distribution of A. actinomycetemcomitans, B.forsythus, and C. rectus among these subjects was not random. Fifty-seven percent of the women harbored at least one of three suspected pathogens. Among such positive individuals, cases of multiple infections were far more frequent (24% with all three, 19% with two, and only 14% with just one of the species) than one would expect by random colonization. These observations may suggest that positive and negative individuals differed with regard to exposure to infective sources, or that positive subjects had a particular supragingival plaque composition that favored colonization by periodontal micro-organisms. Currently, we have no means of distinguishing between these possibilities. However, with respect to supragingival plaque levels or sulcular bleeding on probing, no significant differences between the subjects with and without A. actinomycetemcomitans, B.forsythus, and/or C. rectus in their supragingival plaque could be detected (p-values > 0.4 in Mann-Whitney tests; Table 4 for a comparison of individual scores).
The prevalence of 33% found for A. actinomycetemcomitans in the present study was very similar to the prevalences found by others when assessing periodontally healthy individuals (Slots et al., 1980; Frisken et al., 1987; Asikainen et al., 1991b; Sixou et al., 1991a) , but is in contrast to the considerably higher (Zimmer et al., 1991) or lower (Savitt and Socransky, 1984) detection frequencies reported by others. No predominance of a certain serotype was observed. However, the frequency of persons with two different serotypes was unexpectedly high. Previous studies had mostly described infections of a single type (Zambon et al., 1983; Asikainen et al., 1991b; Sixou et al., 1991b) . Only recently have several reports appeared with evidence for (rare) multiple A. actinomycetemcomitans infections (Chung et al., 1989; DiRienzo and Slots, 1990; Alaluusua et al., 1993; Gmur et al., 1993) . The occurrence of B. forsythus and C. rectus outside of periodontal pockets has been far less studied than that of A. actinomycetemcomitans. Lai and co-workers have used indirect IF to investigate the proportions of both B.forsythus and C. rectus in supragingival plaque from periodontally healthy individuals, adults with mild or severe gingivitis, and others with severe periodontitis (Lai et al., 1987; Lai et al., 1992) . They did not report on the prevalences of the two species, but the reported proportions of 0.11 and 0.2% (healthy subjects) suggest that the colonization densities were very similar to those observed in this study.
Although almost as frequently present in subgingival plaque of adult periodontitis lesions as B.forsythus or C. rectus (eg., Gmuir, 1992; Loesche et al., 1992) , P. gingivalis was found only in a single supragingival plaque sample. This finding is in agreement with studies that failed to detect or only occasionally found P. gingivalis at the healthy gingival margin (Moore et al., 1987; Gmur et al., 1989) , outside of periodontal sites (van der Velden et al., 1986) , or even in early periodontal lesions (Tanner and Bouldin, 1989) . To a much higher degree than A. actinomycetemcomitans, B. forsythus, and C. rectus, P. gingivalis may depend on nutritional factors and/or an environment best provided by the deep periodontal pocket.
After having found appropriate phenotypic markers, Shah and Gharbia (1992) recently proposed to separate the two genotypes of P. intermedia (Johnson and Holdeman, 1983; Shah and Collins, 1990) into two distinct species, which they named P. intermedia (formerly genotype I) and P. nigrescens (formerly genotype II). The distinction of the two species is of particular interest, since bacteria of the now P. intermedia designated genotype were found by Moore and co-workers as predominantly associated with periodontal lesions (Moore et al., 1982) , while P. nigrescens cells predominated at the healthy gingival margin (Moore et al., 1987) . Similar findings were also reported by Dahlen et al. (1990) , who used the same MAbs for typing that were used in the present study. Typing of P. intermedia/P. nigrescens strains with the rat MAbs 37BI6.1, 39BI1.1.2, and 40B13.2.2 is based on experiments with now more than 150 strains, which showed that all strains of the two species displayed one of only three reactivity patterns, namely, 37+/39+/40+ (type I), 37+/39+/40-(II), or 37+/39-/40-(III) (Gmur and Wyss, 1985; Devine et al., 1989; Dahlen et al., 1990) . In all cases where genetic or enzymatic and serological typing data were available for a given strain, a type I binding pattern coincided with a genotype I/P. intermedia classification, while pattern II and III strains always belonged to genotype II/P. nigrescens (Gmur and Wyss, 1985; Shah and Gharbia, 1992; Devine et al., in preparation) . Unfortunately, serological typing is hampered to some extent by the fact that a reliable assessment of the binding of 40B13.2.2 is restricted to isolated strains, due to the weak IF intensity obtained with this particular antibody (Gmfir, 1992) . In the present study, we have attempted to differentiate between the two species by determining the ratio j Dent Res 73(8) 1994 of 37BI6.1 and 39BI1.1.2 positive bacteria to IF directly in plaque smears and by typing isolated strains with all three MAbs. Where a direct comparison of the data was possible, the two assays always yielded corresponding results. Taken together, they revealed that the samples of at least 13 of the 21 test persons harbored predominantly P. nigrescens, while P. intermedia could be demonstrated unambiguously in a single case only. Thus, these results clearly corroborate the aforementioned observations (Moore et al., 1987; Dahlen et al., 1990 ) of a strong association of P. nigrescens, but not P. intermedia, with non-periodontal oral sites.
In summary, we found the three periodontal-diseaseassociated bacteria-A. actinomycetemcomitans, B.forsythus, and C. rectus-with prevalences between 33 and 43% in supragingival plaque of young, adult, periodontally healthy women with excellent oral hygiene. All 21 studied individuals also harbored black-pigmented anaerobes, which in the majority of the cases could be identified as P. nigrescens. These findings are not without consequences in the interpretation of microbiological diagnostic tests used with increasing frequency in the clinical evaluation of patients with periodontal disease. They clearly show that supragingival colonization by these organisms is frequent and is compatible with periodontal health, and that cell numbers are well above the lower detection limit of even the most insensitive of the currently marketed tests. Hence, such "diagnostic" tests should not be used without a careful consideration of the clinical status of the patient and of the history of the periodontal lesions affected.
